Criteria for assessing embryo vitality of denuded rabbit and mouse embryos in vitro were: volume of the embryo, number of cells and number of metaphase plates after 24 and 48 h in culture. Mouse embryos grew normally, with and without the zona pellucida, but denuded rabbit embryos showed reduced growth (volume and cell number) and failure to implant in synchronized recipients.
Introduction
The development of early embryos has frequently been studied and for embryo manipulations it is necessary to know the importance of the zona pellucida and the viablity of the embryo without its zona. Mouse embryos have mainly been studied (Tarkowski, 1959; Mintz, 1962; Moustafa, Hahn & Roselius, 1978;  Konwinski, Solter & Koprowski, 1978) and mouse embryos can implant and develop successfully without the zona pellucida (Mintz, 1962) . However, the criteria available for assessing the vitality of embryos for in-vitro investigations are few (Konwinski et al, 1978) and in the present study we have used the volume, number of cells and number of metaphase plates at a given time of development to assess the viability of embryos of various species. Materials and Methods Animals. Virgin, female NMRI mice, about 60 days old, were induced to superovulate with 1-5 i.u. PMSG (Anteron: Schering) injected intraperitoneally. They were mated 48 h later and 2 i.u. hCG (Primogonyl: Schering) were injected. The day the vaginal plug was found was considered to be Day 1 of pregnancy. On Day 3, the mice were killed and the embryos were flushed from the uteri with phosphate-buffered saline (pH 7-2) supplemented with 5% fetal calf serum.
The New Zealand White rabbits were virgins and induced to superovulate with 60 i.u. PMSG i.m. They were artificially inseminated 72 h later, ovulation being induced by intravenous injection of 60 i.u. hCG (Day 0). The does were killed on Day 3 and the morulae were flushed from the oviduct with BSM II (Maurer, 1978) . Treatment of embryos. Removal of the mucin coat and zona pellucida from the eggs was accomplished by treatment with pronase (Boehringer: 1% in BSM II). Removal of the layers took up to 3 min and was facilitated by drawing the embryos in and out of a fine Pasteur pipette and by tearing the zonae. Immediately after removal of the zona pellucida, the embryos were washed twice in BSM II and placed singly into small culture dishes filled with BSM II supplemented with bicarbonate (2106 g/1), glucose (1800 g/1) and 20% (v/v) fetal calf serum. The embryos were incubated in an humified atmosphere of 5% C02 in air at 37-5°C for 24 or 48 h. Photographs of each denuded and control embryo were taken at the start of incubation and after 24 and 48 h. After incubation, colcemid was added to the culture medium and 4 h later chromosome preparations were made of all eggs by the method of Tarkowski (1966) . The following data were obtained: embryo volume (calculated from the diameter of the cell mass) at 0, 24 and 48 h of incubation, number of cells after 24 and 48 h and the number of metaphase plates.
Transfer studies. In synchronized recipient rabbits laparotomy was performed under anaesthesia induced by pentobarbitone sodium and maintained with ether. The uterine horns and ovaries were exposed via a mid-line incision. Transfer pipettes were thin glass tubes connected to a 1 ml syringe. The bore of the pipette was such that the volume of medium used, up to 0-05 ml, occupied a 3 cm column. Zygotes were transferred into the upper part of the oviduct via the infundibulum immediately after being flushed from the donor. When morulae were being transferred, the uterine wall was punctured by a blunt steel needle about 1 cm from the utero-tubal junction, care being taken to avoid blood vessels. With the transfer pipette aimed towards the cervix, it was then introduced into the lumen to a depth of 2 cm. The fluid containing the morulae was expelled by gentle pressure on the plunger with the pipette being simul¬ taneously withdrawn. Aseptic techniques were used in all procedures.
Statistical procedure. The data were analysed using the SPSS-program (Nie & Hull, 1975) . The following hypothesis was tested: independence of the development with and without zona pellucida concerning the criteria volume, cell number and number of metaphase plates. The means, standard deviations and regression analyses were also obtained by the SPSS-program.
Results

Development of the control embryos
Data from 191 rabbit and 163 mouse control embryos allowed to grow under defined, reproducible culture conditions are given in Table 1 . The low standard deviations at 0 h indicate that there had been little growth of the blastomeres by this time. The volume of the embryo increased within the next 24 and 48 h (PI. 1, Figs 2 and 4). Fig. 1 . A denuded rabbit embryo after 24 h in culture. Fig. 2 . Control rabbit embryo after 24 h in culture. Note the difference of size of control and denuded (Fig. 1 ) embryos. Fig. 3 . A denuded mouse embryo after 24 h in culture. Fig. 4 . Control mouse embryo after 24 h in culture. Note the similar sizes of control and denuded (Fig. 3) embryos.
Development of denuded embryos in vitro
The denuded rabbit embryos grew more slowly than did the control embryos. Mouse embryos were unaffected (Table 2) . Immediately after removal of the zona pellucida the volume of the denuded embryos was larger than that of the control embryos, probably because of a loosening of the blastomere formation, but after 24 and 48 h the volume of the denuded rabbit embryos and the number of cells were less than that in controls. The mitotic index was not affected. Relationship between volume, cell number and number ofmetaphase plates Table 3 shows the regression coefficients between the various measurements. These data give objective values which allow one to calculate an unknown quantity from a given value. For Table 3 . Regression coefficients (b) for the data in example, the number of cells in an embryo can be calculated from the embryo volume. The linear relationships between the single measurements of volume at the 3 times, cell number and metaphase number are generally not very striking. The best relationship exists between cell and metaphase number for the rabbit and mouse embryos, presumably because high cell numbers are caused by high cleavage activity. A relatively poor correlation exists between the volume at 24 or 48 h and cell number because at these stages the embryos are blastocysts and most of the volume is occupied by the blastocoele rather than cells.
Development in vivo
As shown in Table 4 , denuded rabbit embryos were unable to implant. The low control values were believed to be due to technical problems because the proportion of morulae implanting was improved to 70% in other experiments. 
Discussion
The failure of denuded rabbit embryos to implant confirms the findings of similar experiments (Moore, Adams & Rowson, 1968), although the lack of a zona pellucida does not prevent implantation of mouse (Tarkowski, 1961; Mintz, 1962) or cattle embryos (J. Hahn, personal communication). Failure to implant seems to be a peculiarity of rabbits. Consequently, this species is not suitable for such experiments if it remains impossible to substitute the zona or mucous layer by artificial envelopes. It is now necessary to investigate the development of denuded cattle embryos in vitro, to check whether they show characteristics similar to those of mouse or rabbit embryos. This work was supported by the Deutsche Forschungsgemeinschaft. We thank Mrs L. Klugl and Mr R. Antes for laboratory work and Mr L. Wörle for statistical analysis.
